The mitogen-activated protein (MAP) kinases ERK1 and ERK2 (also known as p44/42 MAPK and hereafter referred to as MAPK) are central components of signal transduction pathways activated by diverse extracellular stimuli. These serine and threonine kinases are present in all cell types and play a critical role in the regulation of cell proliferation and differentiation in response to mitogens and a wide variety of growth factors and cytokines (reviewed in references 3, 13, and 46). Upon activation, these closely related MAPK isoforms phosphorylate a large number of substrates, including transcription factors (e.g., c-Myc, c-Jun, NF-IL6, ATF-2, AP-1, and Elk-1), the epidermal growth factor (EGF) receptor, phospholipase A2, protein tyrosine phosphatase 2C, and cytoskeletal proteins (references 3, 13, and 46 and references therein). MAPK itself is activated by phosphorylation on threonine and tyrosine residues by the MAPK kinase (also known as MEK). The best understood mechanism for activation of MAPK is via activation of Ras by growth factor receptors or tyrosine kinases. Activation of Ras induces Raf-1 targeting to the membrane, leading to activation of Raf, which then phosphorylates and activates MEK (reviewed in references 9, 13, and 46). Rasindependent mechanisms have also been implicated in activation of MAPK (9). Activation of MAPK occurs during the G 0 /G 1 transition and may be required for progression through the cell cycle (30, 34, 35, 46) . Thus, MAPK serves to link stimuli from the cell surface to cellular events involved in proliferation and differentiation, including the cell cycle, generation of phospholipid messengers, transcription, and translation. Other MAP kinases in mammalian cells are JNK/SAPK and p38/HOG, which are activated by stress stimuli and inflammatory cytokines.
The mitogen-activated protein (MAP) kinases ERK1 and ERK2 (also known as p44/42 MAPK and hereafter referred to as MAPK) are central components of signal transduction pathways activated by diverse extracellular stimuli. These serine and threonine kinases are present in all cell types and play a critical role in the regulation of cell proliferation and differentiation in response to mitogens and a wide variety of growth factors and cytokines (reviewed in references 3, 13, and 46). Upon activation, these closely related MAPK isoforms phosphorylate a large number of substrates, including transcription factors (e.g., c-Myc, c-Jun, NF-IL6, ATF-2, AP-1, and Elk-1), the epidermal growth factor (EGF) receptor, phospholipase A2, protein tyrosine phosphatase 2C, and cytoskeletal proteins (references 3, 13, and 46 and references therein). MAPK itself is activated by phosphorylation on threonine and tyrosine residues by the MAPK kinase (also known as MEK). The best understood mechanism for activation of MAPK is via activation of Ras by growth factor receptors or tyrosine kinases. Activation of Ras induces Raf-1 targeting to the membrane, leading to activation of Raf, which then phosphorylates and activates MEK (reviewed in references 9, 13, and 46). Rasindependent mechanisms have also been implicated in activation of MAPK (9) . Activation of MAPK occurs during the G 0 /G 1 transition and may be required for progression through the cell cycle (30, 34, 35, 46) . Thus, MAPK serves to link stimuli from the cell surface to cellular events involved in proliferation and differentiation, including the cell cycle, generation of phospholipid messengers, transcription, and translation. Other MAP kinases in mammalian cells are JNK/SAPK and p38/HOG, which are activated by stress stimuli and inflammatory cytokines.
Several steps of the human immunodeficiency virus type 1 (HIV-1) virus life cycle depend on cellular activation by mitogenic stimuli (33) . HIV-1 cannot replicate in quiescent T cells, which comprise the majority of circulating T cells in vivo (33, 56) . Virus replication is blocked due to incomplete reverse transcription and lack of proviral DNA integration (56) . Upon stimulation with mitogens, such as phytohemagglutinin (PHA) or interleukin 2, reverse transcription proceeds to completion and allows integration and virus production to occur (57) . Mitogenic stimulation can also activate viral gene expression in cells that are latently infected and harbor integrated proviral DNA (20, 33) . In contrast to the inability to replicate in quiescent T cells, HIV-1 can replicate in nondividing terminally differentiated macrophages (6, 19, 25, 50) . Thus, mitogenic stimulation is not required to allow HIV-1 replication in all contexts.
Little is known about the cellular signal transduction pathways that activate HIV-1 replication in response to mitogenic stimulation. HIV-1 encodes Gag, Pol, and Env proteins, in addition to six regulatory proteins (Tat, Rev, Vif, Vpu, Vpr, and Nef). In mature virions, the p55 Gag precursor is cleaved by the viral protease to form the p17 Gag , p24 Gag 
, p7
Gag , and p6
Gag proteins. Previous studies have shown that the HIV-1 p17
Gag , p24
Gag , Vif, Vpu, Rev, and Nef proteins are phosphorylated by cellular kinases in vitro and in vivo (2, 4, 7, 10, 24, 31, 45, 49, 54) . Vif is phosphorylated and regulated by MAPK and other yet unknown kinases (54, 55) . p17
Gag , Nef, and Rev are phosphorylated by protein kinase C (PKC) (7, 24) , and Vpu is phosphorylated by casein kinase II (44) . Many kinases that phosphorylate and regulate the functions of HIV-1 proteins have not been identified. Understanding signal transduction pathways that regulate HIV-1 replication upon mitogenic stimulation is likely to provide important insights into mechanisms of virus replication and pathogenesis.
Mitogens and other extracellular stimuli that activate MAPK have been shown to activate HIV-1 replication (15, 20, 33, 36, 53) . In this report, we show that activation of ERK1 and ERK2 MAPK by the Ras/Raf/MEK signaling pathway plays a role in HIV-1 replication by enhancing the infectivity of HIV-1 virions. The findings, together with the previous demonstration that MAPK can enhance HIV-1 infectivity by phosphorylating Vif (55) , suggest the involvement of Vif-dependent as well as Vif-independent mechanisms. These findings suggest that activation of MAPK in the producer cell plays a role in regulation of HIV-1 replication by enhancing virion infectivity. This mechanism may contribute to the activation of HIV-1 replication when T cells are activated by mitogens and other extracellular stimuli.
Regulation of HIV-1 infectivity by the ERK MAPK pathway. We initially examined the role of MAPK in HIV-1 replication by using PD 098059 [2-(2Ј-amino-3Ј-methoxyphenyl)oxanaphthalen-4-one], a specific inhibitor of the MAPK activating enzyme, MAPK kinase (MEK) (1, 14) . Inhibition of MEK by PD 098059 prevents activation of MAPK and subsequent phosphorylation of MAPK substrates (14) . The high degree of specificity of PD 098059 is indicated by its failure to inhibit more than 20 other kinases, including other MEK homologs (i.e., JNK/SAPK and p38/HOG kinase kinases) (1) . Chronically infected H9 and SupT1 cells were serum starved for 24 h and then stimulated by addition of 20% fetal calf serum (FCS) in the presence or absence of PD 098059 (New England Biolabs) for 4 h (SupT1) or 6 h (H9). The virions produced in the culture supernatants were quantitated by reverse transcriptase (RT) assay (18) , pelleted by centrifugation (1 h at 4°C at 14,000 ϫ g), resuspended in fresh medium, and used to infect fresh H9 or SupT1 cells cultured in media with 10% FCS. Treatment of cells with PD 098059 did not significantly inhibit virus production in chronically infected cells (Fig. 1A) . However, virus infectivity was inhibited by 75 to 90% as demonstrated by acute infection of fresh cells (Fig. 1B) . Furthermore, the infectivity of virions was inhibited by more than 80 to 90% when virions were produced by serum-starved cells compared to serum-stimulated cells (Fig. 1B) . The effect of serum starvation on virus infectivity was reversed by stimuli that activate MAPK, such as serum and phorbol myristate acetate (PMA) (Fig. 1B and data not shown) . Conversely, serum or PMA enhancement of virus infectivity was abolished by treatment with PD 098059 (Fig. 1B) . To confirm that PD 098059 blocked MAPK activation by serum and PMA in the virus-producing cells, MAPK activity was determined by immunoblotting with an anti-phosphorylated MAPK antibody which detects p44/42 MAPK only when activated by phosphorylation. As expected, serum or PMA stimulation induced MAPK activation in SupT1 cells, whereas PD 098059 inhibited MAPK activation (Fig. 1C) . The total level of MAPK expression detected by immunoblotting with anti-ERK1 and anti-ERK2 was not significantly affected by treatment with serum, PMA, or PD 098059. We further confirmed activation of MAPK by serum and PMA by performing in vitro kinase assays as described previously (55) , using myelin basic protein (MBP) as the MAPK substrate (Fig. 1D) . The stronger activation by PMA in this experiment is due to the earlier time of occurrence of MAPK activation (1.5 h) compared to that (4 h) in the experiment for which results are presented in Fig. 1C . As expected, PD 098059 inhibited MAPK activation. Thus, inhibition of HIV-1 infectivity by PD 098059 is mediated by inhibition of MAPK activation rather than by reduction of MAPK expression. Together, these results suggest that MAPK or MAPK-activated pathways regulate the infectivity of HIV-1 virus particles.
To determine whether PD 098059, serum, or PMA affect the levels of virion-associated Gag or Env proteins, equivalent amounts of HIV-1 virions were pelleted and analyzed for the levels of gp120
Env , p24 Gag , and p17 Gag proteins by immunoblotting. Figure 2 shows that the levels of gp120
Env , p24
Gag , and p17
Gag proteins incorporated into HIV-1 virions produced in SupT1 cells were similar under the experimental conditions shown in Fig. 1 . Similar results were obtained for HIV-1 virions produced in H9 cells (data not shown). These results suggest that the regulation of virion infectivity by MAPK is not mediated by an effect on the levels of virion-associated Gag and Env proteins or processing of the p55
Gag precursor. Enhancement of HIV-1 infectivity by coexpression of constitutively activated Ras, Raf, and MEK. To further examine the role of the MAPK pathway in the regulation of HIV-1 infectivity, HIV-1 virions were produced in 293T cells cotransfected with 10 g of pNL4-3 plasmid containing HIV-1 proviral DNA and 10 g of a constitutively active kinase expressor plasmid for mutant MEK (pMEK-R4F, also called ⌬N3/S218E/S222D; a gift of Natalie Ahn, University of Colorado, Boulder [32, 52] ), H-Ras (pRSVRas12V; a gift of Alan Hall, University College London, London, United Kingdom [39] ), or Raf-1 (pRaf-BXB; a gift of Ulf Rapp, University of Würzburg, Würz-burg, Germany [16] ). The MEK-R4F, Ras-12V, and Raf-BXB plasmids encode constitutively active forms of MEK, Ras, and Raf, respectively, and induce constitutive MAPK activation via the Ras/Raf/MEK pathway in the absence of extracellular stimulation (16, 32, 39, 52) . Coexpression of these kinase mutants led to activation of MAPK in serum-starved 293T cells as determined by immunoblotting with anti-phosphorylated MAPK (Fig. 3A , upper panel) without affecting the total levels of MAPK expression as determined by immunoblotting with anti-ERK1 and anti-ERK2 (Fig. 3A, lower panel) . The infectivity of virions produced in cells expressing constitutively activated MEK, H-Ras, or Raf-1 in the absence of extracellular stimulation was then examined by using the multinuclear activation of a galactosidase indicator (MAGI) assay, which allows quantitation of virion infectivity during a single round of infection on the basis of the ability of the viral Tat protein to transactivate the expression of an integrated ␤-galactosidase gene driven by the HIV-1 long terminal repeat (LTR) in HeLa CD4-LTR/␤-Gal indicator cells (28, 40) . The efficiency of a single round of virus infection is then determined by counting the number of blue cells or syncytia in situ. The infectivity of virions produced by 293T cells expressing constitutively active MEK, H-Ras, or Raf-1 was enhanced by approximately fivefold during a single round of infection compared to virions produced by control cells (Fig. 3B) , providing further evidence that the activation of MAPK enhances HIV-1 infectivity.
Inhibition of HIV-1 infectivity by MAPK antisense oligonucleotide. To further examine the role of MAPK in HIV-1 replication, an antisense phosphorothioate oligonucleotide (5Ј-G CCGCCGCCGCCGCCAT-3Ј) (42) (synthesized and purified by Oligos Etc.) that targets the MAPK gene at the initial translation codon was used to specifically deplete MAPK in cultured cells. The same oligonucleotide was previously shown to specifically inhibit MAPK expression in NIH 3T3 L1 cells (42) . Treatment with the MAPK antisense oligonucleotide at 0.1 to 0.2 M reduced MAPK levels in HeLa cells by 80 to 90% (Fig.  4A) . The scrambled control oligonucleotide (5Ј-GGCCCGCT CGCGCACCC-3Ј) having the same nucleotide composition showed no effect, suggesting that inhibition of MAPK expres-sion by the antisense oligonucleotide was specific. Similar results were observed with several other cell lines, including COS-1 and 293 cells (data not shown). Cell viability and the expression of other cellular proteins were not affected by the MAPK antisense under these conditions. At the time point when MAPK was maximally depleted (48 h), HeLa cells were transfected with HIV-1 proviral DNA. Virus production was not significantly affected by treatment with the MAPK antisense oligonucleotide (Fig. 4B) . However, virions produced by the MAPK antisense oligonucleotide-treated cells showed a reduction in their infectivity as determined by infection of CEM cells (Fig. 4B) . Similar results were obtained when SupT1 cells were used as targets for infection (not shown). A more significant reduction in virus infectivity (Ͼ10-fold) was observed when cells were treated at higher oligonucleotide concentrations (0.5 to 1.0 M) (data not shown). However, nonspecific effects of the scrambled control oligonucleotide were observed at these higher concentrations. Treatment with the MAPK antisense oligonucleotide did not significantly inhibit expression of an HIV-1 LTR chloramphenicol acetyltransferase (CAT) reporter plasmid transactivated by coexpression of HIV-1 Tat (Fig. 4C) , consistent with its lack of effect on virus production (Fig. 4B) . These results provide further support for the idea that MAPK is involved in regulation of HIV-1 infectivity.
Phosphorylation of HIV-1 proteins by MAPK. The demonstration of the involvement of MAPK in HIV-1 replication raised the possibility that HIV-1 proteins might be substrates for phosphorylation by MAPK. We previously demonstrated that HIV-1 Vif is phosphorylated and activated by MAPK (55) . However, the experiments presented above show that MAPK activation in producer cells enhances virion infectivity in some cell lines that do not require Vif (i.e., SupT1, 293T, and HeLa cells), in addition to Vif-dependent cells (i.e., H9 cells) (12, 18, 26, 41, 51) . To examine the possibility that other HIV-1 proteins are potential substrates for MAPK, we performed in vitro kinase assays as described previously (55) MAPK activity and total MAPK expression levels were detected by immunoblotting equivalent amounts of protein in cell lysates with rabbit anti-phosphorylated MAPK (1:1,000 dilution; New England Biolabs) and rabbit anti-MAPK (anti-ERK1 and anti-ERK2, 1:1,500 dilution of each; Santa Cruz Biotechnology, Inc.), respectively, using the ECL system (Amersham) as described previously (55) . (D) In vitro kinase assay for MAPK activity in cell lysates from SupT1 cells stimulated for 1.5 h with serum or PMA as described in panel C, using MBP as the MAPK substrate, was performed as described previously (55) . DMSO, dimethyl sulfoxide.
p42 MAPK or MAPK immunoprecipitated from stimulated COS-1 cells using recombinant HIV-1 Vif, Rev, Tat, Nef, p17
Gag , p24 Gag , p7 Gag , and RT proteins as substrates. We found that Vif, Rev, Tat, Nef, and p17
Gag were phosphorylated in vitro by recombinant p42 MAPK (Fig. 5A) or by immunoprecipitated MAPK (Fig. 5B) . Vif, Rev, and Nef were highly phosphorylated by recombinant MAPK, while Tat and p17
Gag were phosphorylated at lower levels. In contrast, p24
Gag , p7
Gag , and RT were not phosphorylated by MAPK (Fig. 5A ). Vif was phosphorylated on serine and threonine, Rev was phosphorylated on serine, and Nef and Tat were phosphorylated on threonine ( Fig. 5A and B) . p17
Gag was phosphorylated on serine and threonine by recombinant p42 MAPK but was predominantly phosphorylated on serine by immunoprecipitated MAPK (Fig. 5A and B) . These results demonstrate that HIV-1 Vif, Rev, Tat, Nef, and p17
Gag proteins are directly phosphorylated by MAPK in vitro.
Conclusions. In this study, we present several lines of evidence indicating that the ERK MAPK signaling pathway plays a role in HIV-1 replication by enhancing the infectivity of HIV-1 virions. Treatment of cells with PD 098059, a specific inhibitor of MAPK activation (1, 14) , markedly reduced the infectivity of HIV-1 virions without significantly affecting virus production. This resulted in subsequent inhibition of virus replication in the absence of the MAPK inhibitor. Similar results were observed when MAPK was depleted by treatment of cells with a MAPK antisense oligonucleotide. Further evidence linking MAPK to HIV-1 infectivity is the finding that the infectivity of HIV-1 virions was significantly enhanced by MAPK stimulators such as serum and PMA. Conversely, serum and PMA enhancement of virus infectivity was inhibited by PD 098059. Finally, the infectivity of HIV-1 virions was enhanced by coexpression of constitutively active H-Ras, Raf-1, and MEK mutants. These kinase mutants have much higher kinase activity than the parental wild-type kinases in the absence of extracellular stimulation (16, 32, 39, 52) . As expected, expression of these active kinases induced activation of MAPK in unstimulated cells and the activation correlated with enhancement of HIV-1 infectivity. However, the level of MAPK activation produced by coexpression of Ras was lower than those induced by the other kinase mutants, suggesting that enhance- FIG. 2 . Activation or inhibition of MAPK does not affect the levels of virionassociated Gag and Env proteins. Equivalent amounts of HIV-1 virions (15,000 cpm RT units) were pelleted from the supernatants of chronically infected SupT1 cells after serum starvation followed by stimulation with 20% FCS or 100 nM PMA in the presence or absence of PD 098059 as in the experiment for which results are presented in Fig. 1 , lysed, and analyzed for the levels of virionassociated gp120
Env , p24 Gag , and p17 Gag proteins by immunoblotting with rabbit anti-gp120
Env (1:1,000 dilution; a gift of Richard Wyatt and Joseph Sodroski), rabbit anti-p24 Gag (1:2,000 dilution; Intracell), or mouse monoclonal anti-p17
Gag
(1:2,000 dilution; Advanced Biotechnologies Inc.) as described in the legend for After transfection, cells were incubated with Dulbecco's minimal essential medium containing 0.5% serum. At 48 h after transfection, cell lysates were prepared and equivalent amounts of proteins were subjected to electrophoresis and immunoblotting with anti-phosphorylated MAPK (␣-phospho-MAPK) or anti-MAPK (anti-ERK1 and anti-ERK2) (␣-MAPK). (B) MAGI assays were performed as described previously (28, 40) to quantitate the infectivity of HIV-1 virions produced in 293T cells under the same experimental conditions as used in the experiment for which activities are presented in panel A. Two days after transfection, culture supernatants containing virus were collected, passed through a 0.45-m-pore-size filter, and assayed for RT activity. Equivalent amounts of virus stock (10,000 cpm RT units) were used to infect HeLa CD4-LTR/␤-galactosidase indicator cells. After overnight incubation at 37°C, the medium was replaced with fresh medium. At 48 h after infection, cells were stained for ␤-galactosidase expression (28, 40) . The total number of cells with blue nuclei in 16 random fields were counted under a microscope by using a 10ϫ objective. A cluster of cells containing multiple blue nuclei was counted as one syncytium. Results are expressed as the means Ϯ standard deviations of duplicates. ment of virion infectivity by Ras may also involve MAPKindependent mechanisms. An alternative possibility is that enhancement of virion infectivity is not further increased once a certain threshold level of MAPK activation is reached. MEK activates and phosphorylates p44/42 MAPK but not the JNK/ SAPK or p38/HOG MAP kinases (9) . Interestingly, HIV-1 itself may activate the MAPK pathway (37, 43) . Together, these findings indicate that the ERK MAPK signaling pathway plays an important role in regulation of HIV-1 replication by enhancing virus infectivity. This mechanism may contribute to the activation of HIV-1 replication when T cells are activated by mitogens and other extracellular stimuli.
Our studies suggest that activation of MAPK in the producer cell enhances HIV-1 infectivity through Vif-dependent mechanisms as well as through Vif-independent mechanisms. We previously demonstrated that MAPK phosphorylates Vif in vitro and in vivo on Thr 96 and Ser 165 (55) . Furthermore, we showed that mutations of the highly conserved Thr 96 site result in loss of Vif function and inhibition of HIV replication and infectivity, suggesting that MAPK can regulate HIV-1 infectivity by phosphorylating Vif. In the present study, we show that MAPK enhances virion infectivity in several cell lines that do not require Vif function (i.e., SupT1, 293T, and HeLa cells) (12, 18, 26, 41, 51) . Thus, the regulation of HIV-1 infectivity by MAPK also involves a Vif-independent mechanism that is likely to be important in cells which require Vif function as well as those that do not. Our data suggest that regulation of virion infectivity by the MAPK pathway is not mediated by an effect on virion incorporation of Gag and Env proteins or by processing of the p55
Gag precursor. We found that the HIV-1 Rev, Tat  and p24 Gag were from Immunodiagnostics, Inc. (kindly provided by J. Raina), and p17
Gag and Nef were from Intracell. Vif, Rev, Tat, p24 Gag , and p7 Gag were derived from the HXB2 HIV-1 isolate, p7
Gag was derived from the MN HIV-1 isolate, and Nef was derived from the LAI HIV-1 isolate. The results of phosphorylated amino acid analysis performed as described previously (54) Tat, Nef, and p17
Gag proteins were phosphorylated by MAPK in vitro. However, whether these HIV-1 proteins are phosphorylated by MAPK in vivo remains to be determined. p17
Gag is phosphorylated on tyrosine and serine by as yet unknown cellular kinases prior to and during virus infection (6, 19) . This facilitates its translocation to the nucleus and nuclear targeting of the viral preintegration complex in nondividing cells. Previous studies suggested that MAPK is associated with HIV-1 virions (8, 27) . Furthermore, Jacqué et al. (27) demonstrated phosphorylation of p17
Gag in vitro by virion-associated MAPK. Together, these findings raise the possibility that MAPK may regulate HIV-1 infectivity by phosphorylating one of the virion components, such as p17. However, we have not been able to confirm that virion incorporation of MAPK is specific, since we detected the same amount of MAPK in cellular membrane vesicles that copurify with mock virions (unpublished data). It is unlikely that the enhancement of virus infectivity by MAPK was due to an effect on Nef (21, 22) , Rev, or Tat. The HXB2 Nef allele appears to be inactive (48, 58) , and Rev does not significantly affect virus infectivity. Tat can stimulate reverse transcription and may thereby enhance virus infectivity (23) . However, it seems unlikely that the enhancement of virus infectivity by MAPK is due to an effect on Tat, in view of our finding that inhibition of MAPK by an antisense oligonucleotide (Fig. 4C) or by PD 098059 (55a) does not appear to inhibit Tat function. It is also possible that MAPK may enhance virus infectivity by affecting cellular proteins or a virion-associated kinase(s) (6, 19) . Further studies are required to elucidate the role of MAPK in specific steps of the virus life cycle.
Our studies show that MAPK regulates the infectivity of HIV-1 virions, but the results do not exclude the possibility that MAPK may also affect other steps of the virus life cycle. It has been reported that the Ras/Raf pathway is activated in HIV-infected monocytes and participates in the activation of transcription factor NF-B (17), a key regulator of HIV-1 LTR expression. Since MAPK is a key component of the Ras/Raf pathway, MAPK may be directly involved in the activation of NF-B or other transcription factors important for induced expression of HIV-1 in infected cells (5, 16) . Other studies have demonstrated that the activation of Raf-1 induces expression of the HIV-1 LTR through NF-B sites and stimulates HIV-1 replication in T cells (5, 38) . However, our studies suggest that inhibition of MAPK by an antisense oligonucleotide (Fig. 4C) or by PD 098059 (55a) does not significantly affect the activity of the HIV LTR within the context of an HIV-1 LTR CAT reporter plasmid transactivated by coexpression of HIV-1 Tat. However, the effects of MAPK may be different in cells that are latently infected and harbor integrated proviral DNA. It is also possible that HIV-1 gene expression or other steps in the virus life cycle may be regulated by other MAPK family members. For example, p38/HOG MAPK has been shown to activate the HIV-1 LTR (29) and appears to be necessary for HIV-1 replication in T cells (11) .
The involvement of MAPK in regulation of HIV-1 replication has implications for the pathogenesis of HIV-1 disease. HIV-1 replication is blocked in quiescent T cells due to incomplete reverse transcription (56) . Our studies suggest that an additional mechanism which may help to explain why HIV-1 cannot replicate in quiescent T cells might be the unstimulated state of MAPK in producer cells. In vivo, the majority of circulating T cells are normally quiescent but can be activated in response to immune stimulation by cytokines or specific antigens. In HIV-1 infection, the immune system is stimulated during the early stages, when an immune response to HIV-1 is being mounted, and in the advanced stages, when opportunistic infections are frequent (33) . The activation of MAPK as a consequence of immune stimulation may contribute to disease pathogenesis by enhancing virus infectivity and possibly processes occurring at other steps of the virus life cycle, thereby increasing the replication and dissemination of HIV-1.
